Today a growing energy demand necessitates the development of cost-effective, energy-efficient lighting systems. For this purpose, light-emitting diodes (LEDs) provide the ability to generate cheaper, highquality white light. In the wavelength-conversion technique, different luminophors such as phosphors, nanocrystals, and polymers, integrated on pump LED platforms, are exploited to generate white light [1] [2] [3] [4] . Among these materials, conducting polymers are especially promising because of their ease of processability and possible low-cost, large-area applications [1, 5] . Of such ʌ-conjugated systems, poly(9,9-dialkylfluorene)s are particularly attractive as light emitters because of their high quantum efficiency and good thermal stability [6, 7] .
The use of such fluorescent polymers in their film forms is indispensable for optoelectronic device applications. This requires the solutions of ʌ-conjugated polymers to be deposited by spin-coating or drop-casting onto solid substrates. This in turn results in electronic coupling of polymer chains (interchain coupling), which is essential for charge carrier transport in the film state. The presence of interchain coupled states induces an efficient energy transfer from higher energy intrachain singlet excitons to lower lying ones that are delocalized over several polymer chains in intimate contact with each other. Indeed, the aggregate-induced depopulation of the initially excited intrachain excitons leads to a red-shifted emission band, which is also associated with a significant reduction in the fluorescence quantum efficiency (ĭ PL ) in film state on the order of 50% [8] [9] [10] [11] [12] . To address the problem of efficiency reduction in film form, we proposed and demonstrated the formation of polymer nanoparticle luminophors, leading to a significant decrease in the number of interchain species upon nanoparticle formation and yielding highly efficient luminescent nanoparticles. We targeted to prepare polymer nanospheres with different sizes at different concentrations to achieve higher control over the emission color and reduce loss in the quantum efficiency when the polymer is transformed into its film state. The formation of polymer nanoparticles was realized via the facile reprecipitation method in which a very dilute polymer solution, with THF as the water soluble organic solvent, was reprecipitated at different amounts into sonicated water [13] [14] [15] [16] . Herein, we present the preparation of highly efficient polyfluorene (PF) nanoparticles ranging from 5 to 70 nm in diameter prepared by this method. In their film forms, the nanoparticles with larger size distribution exhibited ĭ PL of 43%, while smaller ones exhibited an even higher ĭ PL of 68%, which surpassed ĭ PL of the PF thin film with values ranging from 23% to 44% depending on the film thickness.
Also, particularly interesting is that spectral shifts from dispersion to film state are greatly reduced for the nanoparticles, which is advantageous in terms of spectral control and stability. Figure 1 shows the spectral PL shifts for both large nanoparticles (LNP) and small nanoparticles (SNP). Figure 2 depicts an AFM image of these LNPs, which exhibited a size distribution of 5 to 70 nm, while the smaller ones were observed to range from 5 to 30 nm. As shown in Figure 1 , while the peak of 0-0 electronic transition redshifted by a total of 33 nm going from PF bulk solution to PF bulk thin film, this red-shift was only a total of 11 nm going from PF bulk solution to PF large nanoparticle (LNP) film, and only 13 nm going from PF bulk solution to PF small nanoparticle (SNP) film.
Furthermore, we analyze energy transfer mechanisms in these polymer nanoparticles and hybrids of different polymer nanoparticles via time-resolved measurements. The formation of hybrid polymer nanoparticles is likely to be a promising method for the generation of highly efficient white light that relies on the use of at least two types of conjugated polymers assembled into novel nanostructures.
In summary, using a polyfluorene derivative, we achieved increased fluorescence quantum efficiency and reduced red-shift in the film form of polymer nanoparticle luminophors, when compared to directly spincoated polymer thin films. 
